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Ed, the 55 mg/kg/day is the dose level where elimination is beginning to be overwhelmed;
 adverse effects occur only at dose levels that saturate excretion. So doses at and greater than
 55 mg/kg/day are of concern.
Attachd are the DERs for the PK studies submitted on 2,4-D in th rat and used for dose section
 for the exended 1-generation reproduction study. Also attached is metabolism discussion
 from the JMPR, which indicates a lack of bioaccumulation and a rapid elimination (see green
 highlighted areas). I think the latter document adresses your questions. LT

From: Odenkirchen, Edward
Sent: Tuesday, February 04, 2014 5:37 PM
To: Taylor, Linda
Cc: Metzger, Michael; LaMay, Alexandra; Radtke, Meghan
Subject: RE: 2, 4-D information
“In the rat developmental toxicity study, the endpoint (increased incidence of skeletal malformations)
 is considered to be a single dose effect, which occurred at a dose level that exceeds the threshold of
 saturation of renal clearance.”
Linda, thanks for this information. Regarding the rat data and the point at which plasma levels reach
 points where rate limited elimination is overwhelmed…is it HED’s contention that this breakpoint
 occurs at a dose proximate to 21 mg/kg/day or at a dose higher than that but below 55 mg/kg/day,
 or at 55 mg/kg/day and up? This is important as I need to make a call at doses at or near that 21
 mg/kg/day
Also is there a first order (or other kinnetics fit) half life for 2,4-D in the female rat such that I can
 look at accumulation over multiple feeding events, accounting for this elimination step?
Thanks,
Ed Odenkirchen

From: Taylor, Linda 
Sent: Tuesday, February 04, 2014 4:28 PM
To: Radtke, Meghan; Odenkirchen, Edward
Cc: Metzger, Michael; LaMay, Alexandra
Subject: 2, 4-D information
Meghan, hopefully the following addresses the issues discussed earlier today. LT
►2,4-Dichlorophenoxyacetic acid (2,4-D) is an alkylchlorophenoxy herbicide. 2,4-D is well absorbed
 orally, undergoes limited metabolism, and is eliminated quickly from the body primarily unchanged
 in the urine by active saturable renal transport. The observed dose-dependent, non-linear
 pharmacokinetics of 2,4-D is primarily due to the saturation of this renal secretory transport system.
 This saturation results in elevated plasma concentrations of 2,4-D that are associated with toxicity.
 The main target organ for 2,4-D is the kidney, where the highest tissue levels are found. There is a
 gender-based difference in the renal clearance of 2,4-D in adult rats; i.e., males show a greater
 ability to clear 2,4-D relative to females. Additionally, toxicokinetic studies conducted in pregnant
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(a)  Absorption, distribution, and excretion


         The pharmacokinetics of 14C-2,4-D (purity, 98%) was studied in


    groups of 26 male B6C3F1 mice after a single oral dose at 5, 45, or


    90 mg/kg bw and a single intravenous administration of 90 mg/kg bw. In


    order to evaluate excretion balance, groups of five mice were given


    the same single doses of 14C-2,4-D by gavage or an intravenous dose


    of 5 or 90 mg/kg bw. Plasma, liver, and kidneys were analysed for


    radiolabel at 0.083, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 24, 36, 48, and


    72 h after treatment. Urine was collected before treatment and at 0-6,


    6-12, 12-24, 24-36, 36-48, 48-72 h, and every 24 h thereafter for


    168 h after treatment. Faeces were collected before treatment and


    0-12, 12-24, and every 24 h up to 168 h after treatment. At 168 h


    after treatment, the animals were killed, and blood, liver, kidneys,


    and residual carcasses were sampled for radiolabel.


         Disappearance of the label from plasma in animals at each dose


    was analysed by reiteratively weighted nonlinear regression analysis


    to obtain the apparent pharmacokinetic parameters by both the oral and


    intravenous routes. Because of the apparent lag in clearance at the


    higher doses and the high levels of 2,4-D-derived radiolabel in


    plasma during the first 4 h after administration of these doses, a


    two-compartment model with Michaelis-Menten limited clearance was


    chosen. The half-lives were calculated to be 28-45 h. At least 50% of


    the administered dose was cleared within 12 h, suggesting that the


    estimates are lower than the actual clearance constants.


         After oral administration, the area under the curve (AUC) for


    time vs concentration was 95 and 1087 µg × h/ml at the 5 and


    45 mg/kg bw doses, respectively; with 90 mg/kg bw given orally and


    intravenously, the AUCs were 2257 and 2548 µg × h/ml, respectively.


    Therefore, the AUC increased with dose. The apparent volumes of


    distribution were also found to increase with dose: after oral


    administration, they were 143, 213, and 300 ml/kg at 5, 45, and 90


    mg/kg bw, respectively; after intravenous administration of 90 mg/kg


    bw, the volume of distribution was 263 ml/kg.


         The main route of elimination of radiolabel was the urine,


    accounting for 63, 84, 71, 53, and 65% of the dose excreted by animals


    receiving 5 mg/kg bw orally, 5 mg/kg bw intravenously, 45 mg/kg bw


    orally, 90 mg/kg bw orally, and 90 mg/kg bw intravenously,


    respectively. Faecal elimination represented 7.6% of the dose in


    animals receiving 5 mg/kg bw orally and 5.2% of the dose in those


    given 5 mg/kg bw intravenously. A greater portion of the 2,4-D-derived


    radiolabel appeared in the faeces in animals at the higher dose: 15%


    in those at 45 mg/kg bw orally, 16% with 90 mg/kg bw orally, and 12%


    with 90 mg/kg bw intravenously. Most of the radiolabel was eliminated


    in urine collected during the first 0-6 h after treatment with 5 mg/kg


    bw intravenously, within 0-12 h after treatment with 5 mg/kg bw


    orally, and within 6-24 h after treatment with 45 or 90 mg/kg bw.


         At 168 h after treatment, very little radiolabel was detected.


    None was found in blood or plasma after the intravenous doses, and


    only one animal had a detectable, low level of radiolabel in plasma


    after oral administration. The liver and kidneys contained similar


    microgram equivalents per gram of tissue of 2,4-D-derived radiolabel


    at each dose. Less than 1.1% of the dose was retained in the animals


    seven days after administration of 14C-2,4-D, independently of the


    dose and route of administration. The urinary clearance of 2,4-D


    appeared to be a saturable process in male mice at doses > 45 mg/kg


    bw (Eiseman, 1984).


         The pharmacokinetics of 14C-2,4-D (radiochemical purity, > 99%)


    was examined after oral and intravenous administration to several


    groups of male Fischer 344 rats. The objective of the study was to


    investigate the dose-dependent fate of the compound and to identify


    the approximate dose at which the kinetics of elimination of


    14C-2,4-D begin to show evidence of saturation. In order to determine


    the time course of disappearance of the compound from plasma and the


    rate of excretion in urine, three groups of three rats with jugular


    cannulae received an oral dose of 10, 50, or 150 mg/kg bw, and two


    similar groups received intravenous doses of 5 or 90 mg/kg bw. The


    concentrations of radiolabel were determined 1, 2, 3, 6, 9, 12, 15,


    18, 24, 36, 48, 60, and 72 h after treatment; urinary 14C levels were


    measured at 6-h intervals for the first 24 h of collection and at 12-h


    intervals up to 72 h after treatment; faecal samples were collected at


    24-h intervals. In order to determine the effect of dose on the ratio


    of the concentrations of 14C in kidney and plasma, five groups of six


    rats were given single oral doses of 10, 25, 50, 100 or 150 mg/kg bw


    and were killed 6 h after treatment, when plasma, urine, and kidneys


    were analysed for 14C activity.

         Absorption of 2,4-D after oral administration was complete, as


    urinary excretion represented > 85% of the dose within the first 12 h


    after treatment, and 97% of the 10 mg/kg bw oral dose and 95% of the


    150 mg/kg bw dose were recovered in urine. After intravenous


    administration, 99 and 86% of the 5- and 90-mg/kg bw doses were


    recovered within the first 12 h and 100 and 91% after 72 h,


    respectively. The absorption rate constant in plasma was 1.4 h-1.


    Saturable clearance from the plasma was detected and was corroborated


    by the disproportionate increase in the AUC with increasing dose. This


    effect probably reflects saturable urinary excretion, in view of the


    increasing ratio of plasma:kidney 14C concentrations with increasing


    dose.


         The mean half-lives for the alpha phase by the intravenous and


    oral routes were 0.92 and 1.0 h, respectively. The mean half-lives for


    the ß phase were 14 and 18 h for the intravenous and oral routes,


    respectively. Doses > 50 mg/kg bw were required to bring the plasma


    concentration above the Km. At or above this dose, saturation of


    clearance became evident. The rapid elimination of 14C-2,4-D in the


    urine and the small contribution of the ß phase indicated low


    potential accumulation of 2,4-D in rats (Smith  et al., 1990).

         The absorption, distribution, metabolism, and excretion of


    14C-2,4-D were further examined after oral and intravenous


    administration to Fischer 344 rats. Four groups of five male and five


    female rats received either a single oral administration of 14C-2,4-D


    by gavage at 100 mg/kg bw, 14C-2,4-D at 1 mg/kg bw as a single oral


    dose, 14C-2,4-D at 1 mg/kg bw as a single intravenous dose, or 14


    daily oral doses of non-radiolabelled 2,4-D at 1 mg/kg bw followed


    by a single oral dose of 14C-2,4-D at 1 mg/kg bw on day 15. Two


    additional groups of four male rats were given a single oral dose and


    then 1 or 100 mg/kg bw through jugular cannulae in order to define the


    concentration-time course in plasma. Plasma concentrations were


    determined for 24 h after treatment.


         In all groups, > 94% of the administered dose was recovered


    within 48 h after treatment. The primary route of excretion was the


    urine (85-94%), the faeces being a minor excretory pathway (2-11%). No


    sex-related difference was seen, and repeated oral treatment did


    not alter the excretory route. 14C-2,4-D was rapidly and almost


    completely absorbed, as peak plasma levels were attained about 4 h


    after treatment and 85-94% of each dose was excreted in the urine. The


    non-proportional AUCs and the delayed urinary excretion of radiolabel


    strongly imply, however, dose-dependent non-linear kinetics. Although


    the elimination of radiolabel was saturated during the first few hours


    after the high dose of 100 mg/kg bw, the excretion of radiolabel was


    rapid, most of the administered dose having been excreted by 36 h


    after treatment in all groups. Rapid excretion of 14C-2,4-D is also


    corroborated by the approximate half-life of 5 h for urinary excretion


    after oral administration. The rapid clearance of 2,4-D from plasma


    and its rapid excretion in the urine indicate that it has little


    potential to accumulate in rats. Analysis of all major tissues and


    organs for residual 14C activity indicated that only a small


    fraction of the dose was still present 48 h after treatment. Tissues 


    and organs from animals at the low dose contained < 0.7% of the 


    administered dose (Timchalk  et al., 1990). These results indicate 


    that the fate of 14C-2,4-D in the rat is independent of dose and sex, 


    that the compound is rapidly and almost completely eliminated, 


    essentially by the urinary route, and that it has little potential to 


    accumulate. The main results on 14C-2,4-D metabolism in rats are 


    discussed below.

         In a limited study of metabolism, male Fischer 344 rats were


    given either unlabelled IPA salt of 2,4-D at 2.7 mg/kg bw, 14C-2,4-D


    at 10 mg/kg bw, or both unlabelled IPA salt at 2.7 mg/kg bw and


    14C-2,4-D at 10 mg/kg bw. The fate of the two compounds was


    unaffected by their co-administration. After the single dose of


    14C-2,4-D, alone or in combination with IPA salt, 2,4-D was rapidly


    absorbed and excreted, primarily in the urine. IPA salt, administered


    alone or in combination with 14C-2,4-D, was readily absorbed and


    rapidly excreted as unchanged parent compound in the urine. For both


    groups, > 90% of the administered dose was excreted as IPA salt


    within the first 12 h after treatment (Dryzga  et al., 1993).


         The absorption, distribution, and excretion of 14C-TIPA salt of


    2,4-D were also studied in male Fischer 344 rats, which received a


    targeted dose of 10.7 mg/kg bw TIPA salt or 10 mg/kg bw 2,4-D and


    20-30 µCi of 14C per animal. Blood was collected from each rat at


    0.25, 0.5, 0.75, 1, 1.5, 2, 4, 6, 8, 12, 18, 24, 48, and 72 h after


    treatment, and plasma was analysed for radiolabel. Urine was collected


    at 6, 12, 24, 48 and 72 h after treatment, and the radiolabel in urine


    and the cage rinse was combined for each collection interval and


    expressed as radiolabel excreted in the urine. Faeces were collected


    at 24-h intervals and analysed for radiolabel. Expired air was passed


    through a charcoal trap to capture expired organic 14C and then


    through a monoethanolamine:1-methoxy-2-propanol trap to capture


    expired 14C-carbon dioxide; the latter traps were changed at 12, 24,


    36, 48, and 72 h after treatment and analysed for radiolabel. Samples


    of liver, kidneys, perirenal fat, skin, and remaining carcass were


    collected from animals killed 72 h after treatment and analysed for


    radiolabel. Metabolites were characterized in pooled urine samples


    collected 0-6 and 6-12 h after treatment.


         14C-TIPA salt was rapidly absorbed by the gastrointestinal tract


    and excreted in the urine unchanged. The concentration of radiolabel


    in the plasma peaked 0.25 h after treatment and then decreased in a


    tri-exponential manner. Owing to its rapid elimination, 14C-TIPA


    salt did not accumulate in the tissues: < 1% of the administered


    radiolabel remained in the tissues and carcass in rats sacrificed 72 h


    after treatment. 14C-TIPA salt did not undergo extensive metabolism,


    as essentially all of the radiolabel excreted in the urine represented


    unchanged TIPA salt. By the first 24 h after treatment, 80% had been


    excreted in the urine. Faecal excretion accounted for 4-7% of the


    dose, expired 14C-carbon dioxide for 3-4%, and the final cage rinse


    for about 1% of the dose. 14C-TIPA salt was thus well absorbed and


    rapidly excreted in the urine, primarily as unchanged compound; it


    does not accumulate in rat tissues. Excretion of the parent acid,


    2,4-D, was not affected by addition of the TIPA salt (Dryzga  et al.,

    1992a).


         The absorption, metabolism, and excretion of the BEH ester of


    2,4-D were studied in a group of four male Fischer 344 rats given a


    single dose of 13.9 mg/kg bw 14C-BEH ester in corn oil by gavage.


    Blood samples were collected 0.25, 0.5, 0.75, 1, 1.5, 2, 4, 6, 8,


    12, 18, and 24 h after treatment; urine, cage rinse, and expired


    14C-carbon dioxide were collected from rats 6, 12, 24, and 48 h after


    treatment. The 0-6-, 6-12-, and 12-24-h pooled urine specimens were


    analysed for unchanged BEH ester, 2,4-D, ethylene glycol, and


    14C-2-butoxyethanol and its metabolites by gas chromatography-mass


    spectrometry (GC-MS) and high-performance liquid chromatography (HPLC)


    with radiochemical detection.


         14C-BEH ester was rapidly absorbed and hydrolysed to 2,4-D and


    14C-2-butoxyethanol. 2,4-D was eliminated unchanged in the urine. By


    48 h after treatment, the mean recovery of radiolabel represented 78%


    of the administered dose. The urine was the major route of elimination


    (58% of the administered dose); expired 14C-carbon dioxide contained


    17% and the faeces 2.4% of the administered dose. Elimination was


    rapid, as indicated by a recovery of 49% in the urine 12 h after


    treatment; the elimination half-life of radiolabel in urine was 4.6 h.


    No unchanged parent compound was detected in blood or urine. The


    radiolabelled metabolites identified in urine included 2-butoxy-


    ethanol, 2-butoxyacetic acid, ethylene glycol, and their conjugates.


    The major metabolite was 2-butoxyacetic acid (Dryzga  et al., 1992b).


         The absorption, distribution, excretion, and biotransformation of


    14C-EH ester of 2,4-D were studied in male Fischer 344 rats that


    received a single oral dose of 15 mg/kg bw 14C-EH ester. Blood was


    collected from each rat 0.5, 1, 1.5, 2, 4, 6, 8, 12, 18, and 24 h


    after treatment, and plasma was analysed for radiolabel; urine was


    collected 6, 12, 24, and 48 h after treatment, and the radiolabel in


    urine and the cage rinse was combined for each collection interval and


    expressed as radiolabel excreted in the urine. Faeces were collected


    at 24-h intervals and analysed for radiolabel; expired 14C-carbon


    dioxide collected at 6, 12, 24, and 48 h was trapped in a solution


    of monoethanolamine:1-methoxy-2-propanol, and the radiolabel was


    quantified. No tissue samples were analysed. Metabolites were


    characterized in pooled urine (0-6- and 6-12-h) and in faecal (0-24-h)


    samples by GC-MS, and unchanged EH ester in pooled urine and faecal


    extracts was determined by HPLC.


         14C-EH ester was rapidly absorbed, with a peak plasma


    concentration of 1.0 µg/g 4 h after treatment, decreasing with a


    half-life of 9 h. Once absorbed, 14C-EH ester was extensively


    metabolized and was eliminated in the urine, faeces, and as expired


    14C-carbon dioxide. It was rapidly hydrolysed to 2,4-D and


    14C-2-ethylhexanol, since no 14C-EH ester was found in blood, urine,


    or faeces. The principal route of excretion was the urine (62-66%),


    less being eliminated in the faeces (14-21%) and expired carbon


    dioxide (9-12%). The metabolites found in both urine and faeces were


    2-ethylhexanol, 2-ethylhexanoic acid, 2-ethyl-1,6-hexanedioic acid,


    and 2,4-D. Metabolites found in the urine but not in the faeces were


    2-ethyl-5-ketohexanoic acid, 2-ethyl-5-hydroxyhexanoic acid,


    2-heptanone, and 4-heptanone. These metabolites were previously


    reported as metabolites of 14C-2-ethylhexanol. The EH ester of 2,4-D


    is thus converted rapidly to 2,4-D, which is then excreted in the


    urine. Therefore, the EH ester is toxicologically equivalent to 2,4-D


    itself (Dryzga  et al., 1992c).


         Dermal absorption of 2,4-D, the DMA salt, and the EH ester was


    studied after topical application to male Sprague-Dawley rats,


    New Zealand white rabbits, and rhesus monkeys. About 1 µCi of


    14C-labelled compound dissolved in acetone was applied to the shaven


    mid-dorsal regions of rats and rabbits and to the mid-dorsal forearm


    or forehead of the monkeys. The area of application varied but


    provided a constant dose rate of 4 µg/m3. Nonocclusive gauze patches


    were used to protect the treated areas, except the monkey forehead.


    Urine samples were collected after 4 and 8 h on the first day and then


    at 24-h intervals for 14 days after treatment. Total dermal absorption


    and excretion half-lives were calculated. The monkey forehead was more


    permeable than the monkey forearm; the rate of urinary excretion of


    radiolabel after dermal absorption was similar in all cases. Dermal


    absorption of 2,4-D was 36% in rabbits, 15% in monkey forearm, and 29%


    in monkey forehead; the half-lives were 2.1 days in rabbits, 1.9 days


    for monkey forearm, and 1.5 days for monkey forehead. Dermal


    absorption of the DMA salt was 14% in rats, 6% in monkey forearm, and


    31% in monkey forehead; the half-lives were 1.4 days, 1.8 days, and


    2.3 days in rats, monkey forearm, and forehead, respectively. Dermal


    absorption of the EH ester was 50% in rabbits, 40% in monkey forearm,


    and 56% in monkey forehead; the half-lives were 2.1 days in monkey


    forearm and 2.0 days in monkey forehead; no half-life was determined


    in rabbits (Moody  et al., 1990).


         A study was conducted to determine the extent to which dogs


    absorb and excrete 2,4-D in urine after contact with treated lawns


    under natural conditions. Concentrations of > 10.0 µg/litre were


    found in the urine of 33 of 44 neighborhood mixed-breed dogs (75%)


    potentially exposed to 2,4-D-treated lawns an average of 10.9 days


    after application, and concentrations of > 50 µg/litre were found


    in 17 (39%). Of 15 dogs with no known exposure to a 2,4-D-treated


    lawn during the previous 42 days, 4 (27%) had 2,4-D in urine (1


    at a concentration > 50 µg/litre). The odds ratio (OR) for an


    association between exposure to a 2,4-D-treated lawn and the presence


    of > 50 µg/litre 2,4-D in urine was 8.8 (95% confidence interval


    [CI], 1.4-56). Dogs exposed to lawns treated within seven days before


    urine collection were more than 50 times as likely to have 2,4-D at


    concentrations > 50 µg/litre than dogs exposed to a lawn treated


    more than one week previously (OR, 56; 95% CI, 10-312). The highest


    mean concentration of 2,4-D in urine (21.3 mg/litre) was found in dogs


    sampled within two days after application of the herbicide (Reynolds


     et al., 1994).


         The excretion, tissue residues, and metabolism of 14C-2,4-D were


    investigated in a lactating goat given an oral dose of 483 ppm for


    three consecutive days in a capsule. On the basis of established


    tolerances, this dose is equivalent to 68% of the maximal exposure of


    dairy cattle to 2,4-D residues. Urine and faeces were collected daily


    and milk each morning and evening. At the end of the study, selected


    tissues were sampled for determination of radiolabel concentration.


    About 90% of the dose was recovered in the urine and faeces; milk,


    liver, kidneys, composite fat, and composite muscle accounted for


    < 0.1% of the total dose received. The residues in the milk were


    0.22-0.34 ppm at the morning milking and 0.04-0.06 ppm in the evening.


    Kidneys accounted for the highest residue concentration, 1.4 ppm;


    liver contained 0.22 ppm, fat, 0.09 ppm, and muscle, 0.04 ppm (Guo &


    Stewart, 1993).


         After a single oral dose of 5 mg/kg bw 2,4-D to a male human


    subject, the plasma level was 35 µg/ml after 2 h, 25 µg/ml after 24 h,


    and 3.5 µg/ml after 48 h. The levels in whole blood decreased from


    21 µg/ml after 2 h to 2.1 µg/ml after 48 h. A total of 73% of the dose


    was excreted in the urine within 48 h after treatment. On the basis of


    this study, it was estimated that 1 mg/kg bw of 2,4-D can be eliminated


    by humans within 24 h (Gehring & Gorden, personal communication, 1971).


         The absorption and excretion of 2,4-D was investigated in six


    healthy volunteers (age, 22-30 years) after ingestion of 5 mg/kg bw in


    gelatin capsules. Blood samples were obtained 1, 2, 7, 12, 24, 32, 48,


    56, and 168 h after ingestion; urine samples were collected during the


    first 24 h. 2,4-D was absorbed fairly quickly, a significant amount of


    the compound being detected 1 h after administration. The highest


    concentration of 2,4-D in plasma was reached in 7-24 h, after which


    the amount declined steadily. After absorption, 2,4-D was quickly


    excreted; about 75% of the dose was found unchanged in the urine 96 h


    after administration. No metabolites were detected in urine (Kohli


     et al., 1974).


         The pharmacokinetics of 2,4-D were studied in five male subjects


    (29-40 years; 70-90 kg) given 5 mg/kg bw 2,4-D (analytical grade)


    either as a slurry in milk or as the powder followed by water. Blood


    samples were collected at 1, 4, 8, 12, 24, 36, 48, 72, 96, 120, and


    144 h after treatment, and urine samples were collected at 12-h


    intervals. The concentrations of 2,4-D were determined in the plasma


    of three subjects and in the urine of all five subjects at intervals


    after ingestion. The mean half-life for absorption of 2,4-D was 3.8 h


    (range, 1.7-4.2 h). The average half-life for clearance from plasma


    was 11.6 h, and that for urinary elimination was 17.1 h (range,


    10.2-28.4 h). About 82% of the 2,4-D was excreted unchanged, and about


    13% was excreted as conjugates. Plasma clearance followed first-order


    kinetics in two subjects, with plasma half-lives of 7.3 and 11 h, and


    biphasic kinetics in one subject, with half-lives of 4.3 and 16 h.


    Despite these apparent differences in clearance pharmacokinetics, the


    overall clearance rates were not markedly different. Urinary excretion


    followed first-order kinetics in all three subjects (Saurehoff  et

     al., 1977).


         The percutaneous absorption and urinary excretion of 14C-2,4-D


    (purity unspecified) after dermal or intravenous administration were


    studied in male subjects (age and weight unspecified). 14C-2,4-D


    (1 µCi; 4 µg/cm2) was dissolved in acetone and applied to the


    volunteers' forearms. The area of application was not covered, but the


    subjects were asked not to wash the area for 24 h. Within 120 h after


    dermal administration, 5.8 ± 2.4% of the dose was excreted in the


    urine. After intravenous administration of a tracer dose of 1 µCi,


    100% was excreted in the urine, with a half-life for excretion of 13 h


    (Feldman & Maibach, 1974).


         The percutaneous absorption of 2,4-D (purity, 99.5%) and the DMA


    salt was examined in male subjects aged 27-48 years after dermal


    application in acetone at a rate of 10 mg per 9 cm2 on the back


    of the hand. The area of skin was not protected, to reduce the


    possibility of a covering dislodging the test material; subjects were


    instructed to avoid contact of the application site with clothing or


    other materials. In order to determine the amount of 2,4-D that could


    be removed from the skin, the marked area was rinsed with distilled


    water and scrubbed with a toothbrush 6 h after the application, and


    the resulting wash water was analysed. Urine samples collected over


    144 h after application were analysed for 2,4-D. An average of 4.5%


    was recovered in the urine after application of 2,4-D, and 1.8% after


    application of the DMA salt. More DMA salt (7.6%) than acid (5.4%) was


    found in the hand wash, indicating that the amount of chemical


    absorbed is related inversely to the amount washed off. Urinary


    excretion of neither material was complete: 96 h after application,


    averages of 85% of the total dose of the acid and 77% of the salt were


    recovered in the urine; the approximate average half-lives for


    excretion were 40 h for the acid and 59 h for the DMA salt (Harris &


    Solomon, 1992).


         The dermal absorption of the DMA salt and the EH ester was


    studied after application to four male volunteers. A dose of 0.7 mCi


    of 14C-labelled compound, dissolved in water or acetone, was applied


    to a 45-cm2 area of the forehead of each volunteer. The site was


    washed with soap and water 24 h after application. Urine samples were


    collected 4, 8, and 12 h daily for seven days. Dermal absorption


    represented 58% of the total dose of DMA salt in water and 6% EH ester


    in acetone (Moody  et al., 1990).


    (b)  Biotransformation


         The metabolism of 2,4-D in Fischer 344 rats was investigated


    by analysing urine samples collected after oral and intravenous


    administration of 14C-2,4-D at 1 or 100 mg/kg bw. The nature and


    amounts of the 2,4-D metabolites excreted were determined in urine


    samples by direct HPLC and/or GC-MS after an extraction step.


    14C-2,4-D was eliminated primarily unchanged, representing > 97% of


    urinary radiolabel, by both males and females. Two minor metabolites


    were detected in urine from most groups, which accounted for 0.5-3.2%


    of the radiolabel excreted in the first 12-h urine. Because of the


    limited amount available, no attempt was made to identify these minor


    metabolites; but their HPLC elution indicated that they might be 2,4-D


    conjugates (Timchalk  et al., 1990).


         2,4-D metabolites were investigated in samples and tissues


    collected from a lactating goat after oral administration of


    14C-2,4-D. Urine was analysed directly by HPLC. The 14C residues in


    various matrices and liver were extracted with organic and aqueous


    solvents, then analysed by thin-layer chromatography, HPLC, and MS.


    2,4-D was the major 14C component in urine, milk, and various


    extracts. Some polar conjugates of the parent compound, which were


    readily hydrolysed to 2,4-D under acidic conditions, were found in


    milk. A non-polar 14C component detected in milk was identified as


    2,4-dichloroanisole. Low levels of 2,4-dichlorophenol were tentatively


    identified in milk and fat (Guo & Stewart, 1993).


         In four of five human subjects given a single oral dose of 2,4-D


    at 5 mg/kg bw, an acid-hydrolysable conjugate was detected in the


    urine, representing 4.8-27% of the administered dose (Sauerhoff


     et al., 1977).


         No metabolites were found in the urine of male subjects given a


    single oral dose of 5 mg/kg bw 2,4-D in gelatin capsules. About 75% of


    the administered dose was detected unchanged in the urine after 96 h


    (Kohli  et al., 1974).
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SPONSOR:
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EXECUTIVE SUMMARY: In a dose range-finding/pharmacokinetics study (MRID No. 47417901), male and female Sprague-Dawley Crl:CD(SD) rats (10/sex/dose) were administered 2,4-D (99% a.i.; Lot # 2006 2433 8006-USA) in the diet at dose levels of 0, 100, 400, 1000/800, 2000/1200, or 1600 ppm during the premating period (≈4 weeks). Due to marked effects on food consumption and body weights at the highest dose levels, dietary adjustments were made to the 1000 ppm and 2000 ppm dose levels on test day 20 (TD 20). The dietary concentrations provided doses of 6, 23, 50, 86, and 92 mg/kg/day for P1 males and 7, 27, 60, 91, and 103 mg/kg/day for P1 females (average values from pre- and post-mating and postweaning intakes). A few days prior to breeding, 4 P1 adult rats/sex/dose were subjected to timed blood collection (3 samples/rat/day). Rats were mated for a maximum of 2 weeks, and exposure of the P1 males continued for ≈7 weeks after the start of the mating phase, with timed blood collection (3 samples/rat/day from 4 males/dose) prior to termination. P1 females were exposed through gestation and with timed blood collection (same as for P1 males) on lactation days 4 and 14 (LD 4 and LD 14), and post-weaning on TD 95, the day prior to termination. Milk samples were collected on LD 4 and LD 14 (4 females/dose). A satellite group of P1 female rats (6/dose) was included for an assessment of 2, 4-D pharmacokinetics during gestation. Satellite females were subjected to the same exposure schedule as the main study P1 females through mating (≈4 weeks premating, up to 2 weeks during mating phase) and also during gestation until termination on gestation day (GD) 17. Blood was collected from satellite females on GD 17 with timed blood collection (3 samples/rat) from 4 pregnant females/dose. All rats were examined twice daily for clinical signs of toxicity and morbidity. Clinical observations, body weights, and food consumption were monitored weekly (both sexes), and reproductive performance was evaluated.  Kidney weights were recorded for all rats, and histopathology of the kidney was evaluated in the control and high-dose rats (both sexes). 


Litters were culled on postnatal (PND) 4 to 10 pups (5/sex when possible). Litter parameters (litter size, pup body weight, and sex ratio) were recorded. Pups were weaned on PND 21 and group housed from PND 21-28 to minimize post-weaning stress. Thereafter, pups were housed individually. On PND 4, 14, 21, and 28, terminal blood samples were collected from 1 pup/sex/litter from 4 litters/dose. Timed blood samples (3 samples/rat from 4/sex/dose) were collected from PND 35 rats. During the exposure period, body weight, food consumption, and cageside observations were recorded in the F1 offspring.


Results: There were no treatment-related effects on conception, time to mating, gestation length, or pup sex ratio. At 2000/1200 ppm, the fertility (80%) index was reduced compared to the control (100%). At 1600 ppm, both the mating (80%) and fertility (70%) indices were reduced compared to the control (100%). According to the investigators, the small sample size, omission of uterine staining for implantation sites, and the lack of gross or microscopic examination preclude a determination of whether the findings were treatment-related. P1 males showed comparable body weight/gain among the groups, whereas P1 females at 2000/1200 and 1600 ppm dose levels displayed decreased body weight/gains (overall ↓50% and ↓63%, respectively) and food consumption during the premating and mating periods. Gestation body weight/gain were variable, but mainly lower at the 1600 ppm (GD 17: ↓16%) and 2000/1200 ppm (GD 17: ↓13%) dose levels. Body weights of the dams during lactation were comparable among the groups, although body-weight gains during the first week of lactation were reduced at the 2000/1200 ppm (↓26%) and 1600 ppm (↓22%) levels. Increased kidney weights were observed at 1600 ppm (P1 males) and at ≥ 1000/800 ppm (P1 females), and multifocal, degenerative lesions in the proximal convoluted tubules of the renal medulla were found on microscopic examination in P1 males at ≥400 ppm and in females at ≥800 ppm.  


Pup survival was comparable among the groups through LD 7. At 1600 ppm, decreased survival was observed on LD 14, and this group was terminated prior to LD 21. By LD 21, decreased survival was observed at 2000/1200 ppm (↓30%). Decreased pup body weights were observed by LD 4 at 1600 ppm (both sexes ↓15%-17%), by LD 7-LD 21 at 2000/1200 ppm (males ↓21%-41%/females ↓24%-44%), and by LD 14 at 1000/800 ppm (males ↓14%-23%/females ↓13%-20%). At 1000/800 ppm, post-weaning (PND 28-35) body weights (males ↓33%-35%/females ↓30%-32%) and body-weight gains (males ↓37%/females ↓36%) were decreased compared to the control. 


This study provides plasma levels of 2, 4-D for both the maternal rats and pups of both sexes, as well as 2, 4-D levels in maternal milk. An estimated dose to the pups was not provided. These data may be useful in future assessments regarding lactational exposure.


Dose levels for the extended one-generation reproduction study were selected based on the results of this study and a pharmacokinetic titration study (MRID 47417902; separate DER). The kidney findings confirm the gender-based difference in the renal clearance of 2,4-D in adult rats. Based on this gender difference, different high-dose levels were selected for males and females for the definitive extended one-generation reproductive toxicity test. The male high dose was ≈40 mg/kg/day (dietary concentration 800 ppm), a dose that was anticipated to be slightly higher than the inflection point for nonlinear TK in male pups from PND 35 to adulthood. The female high dose was ≈ 30 mg/kg/day (600 ppm), which was anticipated to be clearly higher than the inflection point in pups and female adults. The mid- and low-dose levels were the same for male and female rats. The low dose of 5 mg/kg/day (100 ppm) was predicted to identify a clear NOAEL and was consistent with the NOEL dose identified in the previously conducted 2,4-D dietary 2-generation reproduction study (MRID 00150557; Tasker, 1985). If exposure-related effects were seen in the high-dose group, the mid-dose of 15 mg/kg/day (300 ppm) was expected to provide dose-response data relevant to human risk evaluation (unless these effects were limited to doses clearly above linear TK). It was anticipated the 300 ppm mid-dose would be slightly above the inflection point for non-linear TK in female adults and pups and within the range of linear TK for adult males and post-weaning male pups. The dose levels selected for use in the extended one-generation reproduction study on 2, 4-D were 100, 300, or 600 (females)/800 ppm (males). During protocol review, a dose level of 50 mg/kg/day was discussed as an appropriate high dose, which was considered adequate for assessing effects slightly above renal clearance saturation.


This dose range-finding study is classified Acceptable, non-guideline. There is no guideline requirement for this type of study. The purpose of the study was to provide information for use in setting dose levels for the extended 1-generation reproduction study (MRID 47972101). 


I.
MATERIALS AND METHODS:

A.
MATERIALS:

		1.
Test material:

		2,4-D



		

		Description:

		Solid, off-white flakes (prior to milling)



		

		Lot #:

		2006 2433 8006-USA



		

		Purity:

		 99% a.i.



		

		Compound stability: 

		Stable in diet for 27 days



		

		CAS # of TGAI: 

		94-75-7



		

		Structure:
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2.
Vehicle and/or positive control:  none (test material was milled and mixed with certified feed flour, then diluted with ground feed). 


		3.
Test animals:

		



		

		Species:

		Rat



		

		Strain:

		Crl:CD(SD)



		

		Age at study initiation:

		9-10 wks



		

		Wt. at study initiation:

		P1 Males: 315-321 g; P1 Females: 214-216 g



		

		Source:

		Charles River Laboratories Inc. (Portage, Michigan)



		

		Housing:

		Singly in stainless steel cages



		

		Diet:

		LabDiet Certified Rodent Diet #5002,  ad libitum (PMI Nutrition International, MO)



		

		Water: 

		 Municipal water,  ad libitum



		

		Environmental conditions:

		Temperature:


Humidity:


Air changes:


Photoperiod:

		22 ± 1°C 


40-70%


12-15/hr


6 hrs dark/6 hrs light



		

		Acclimation period: 

		≥ one week





B.
PROCEDURES AND STUDY DESIGN

Pharmacokinetics: Three blood samples were collected (jugular vein) from randomly selected main study rats (4/sex/dose) at the end of the fourth week of exposure, a few day priors to the mating phase. The first blood sample was collected at 6:00 am (at time lights were turned on; the second sample was collected 3 hours later (9:00 am), and the final sample was collected at ≈1 hour prior to the start of the dark phase of the photocycle (5:00 pm). These samples were used to estimate Cmax, Cmim, and AUC (Saghir, et al., 2006) Three blood samples were collected from the same 4 males/dose (as above) one day prior to their sacrifice, and a terminal blood sample was collected at the time of sacrifice agter ≈16 hours of fasting to determine the elimination half-life.  Terminal blood samples were collected at the time of sacrifice after 14 hours of fasting to determine the elimination half-life. To determine potential changes in the systemic dose during lactation, blood samples were collected from 4 lactating dams/dose on LD 4 and LD 14 (6 am, 9 am, 5 pm).  These data were used to estimate Cmax, Cmim, and AUC. During the post-weaning period, blood samples were collected from 4 dams/dose on test day 95 (6 am, 9 am, 5 pm). Dams were fasted overnight and a terminal blood sample was collected on test day 96 for the determination of elimination half-life. To determine the transfer of 2, 4-D during lactation, milk samples were collected from 4 dams/dose between ≈2-3 pm on LD 4 and LD 14.  


Three blood samples (6 am, 9 am, 5 pm) were collected from the satellite P1 females on GD 17 (4/dose). These samples were used to estimate Cmax, Cmim, and AUC. No other data were obtained from these dams.


Systemic exposure of 2,4-D to nursing pups was determined by collecting terminal blood samples at different stages of postnatal development. Blood samples were collected from 1 culled pup/sex/litter on PND 4 (4 litters/dose) and 1 randomly selected non-fasted pup/sex/litter on PND 14 (4 litters/dose). On PND 21 and PND 28, blood samples were collected from at least 1 pup/sex/litter (4 litters/dose). 


To determine changes in the Cmax, Cmim, and AUC in pups after weaning, 3 blood samples (6 am, 9 am, 5 pm) were collected on PND 35 from at least 1 pup/sex/litter (4 litters/dose).   


Immediately after collection, blood samples were centrifuged to separate plasma from RBCs, and plasma was removed and placed in glass vials. Both plasma and milk samples were stored in the freezer (-80° C). Stability of 2, 4-D in milk and plasma was evaluated pre-study to determine whether to add an organic solvent to samples prior to freezing. For frozen samples, 2- and 5-week stability was confirmed (data contained in study file). Weighed aliquots of plasma and milk samples were analyzed by LC/MS/MS with electrospray ionization using an isotopically labeled internal standard for the quantification of 2, 4-D. 


II.
RESULTS

A.
PARENTAL ANIMALS

1.
Mortality and clinical signs:  One P1 main study dam at 1600 ppm died spontaneously on LD 4 (TD 58) when she failed to recover from anesthesia following milk collection. The other dams and their litters in this group were euthanized on TD 75 (prior to LD 21) for humane reasons due to marked decreases in food consumption and body weights. No additional data were collected for this group. The remaining litters in the 2000/1200 ppm group were terminated at weaning for humane reasons due to marked changes in body weights. All other rats survived until scheduled sacrifice. There were no treatment-related clinical signs of toxicity in either sex. 

2.
Body weight and food consumption:  Body weight was not adversely affected in the P1 males at any dose level throughout the study (Table 1). P1 males at 1600 ppm had a 9% decrease in body-weight gains at study termination, but statistical significance was not attained.  Body weights were comparable among the females in the control and 100 ppm and 400 ppm dose groups during the first 4 weeks of the study, and body weights were comparable to the control on Day 8 at dose levels up to and including 1000/800 ppm (Table 2). A statistically significant decrease in body weight was observed in P1 females on Day 8 at the 2000/1200 ppm (↓9%) and 1600 ppm (↓9%) dose levels. Body-weight gains were significantly reduced for the P1 females throughout the first 4 weeks of exposure at all dose levels above 400 ppm (Table 2). During gestation, similar decreases in body weight were observed at the 2000/1200 ppm and 1600 ppm dose levels, and body-weight gains were reduced at 1600 ppm (Table 3).


		Table 1. Body Weight/Gain – P1 Males



		ppm

		Day 1

		Day 8

		Days 1-8

		Day 20

		Day 31

		Days 1-31

		Days 78

		Days 1-78



		0

		322±10

		36014

		39±8

		407±23

		440±28

		118±22

		554±38

		233±31



		100

		319±12

		363±16

		44±10

		413±20

		447±22

		128±22

		562±49

		244±44



		400

		316±11

		360±19 

		44±10

		405±27

		436±33

		120±28

		550±46

		234±41



		1000/800

		318±7

		360±13

		42±7

		409±22

		443±31

		126±28

		557±49

		239±47



		2000/1200

		315±8

		344±13

		29±9

		386±23

		427±30

		112±28 ↓5%

		534±42

		219±41



		1600

		319±11

		350±17

		31±9

		394±25

		425±30

		106±22 ↓10%

		529±42

		211±35 ↓9%





        Data from Table 14, pages 103-105 of the study report; n=10


		Table 2. Body Weight/Gain – P1 Females (main study and satellite)



		ppm

		Day 1

		Day 8

		Days 1-8

		Days 1-15

		Days 1-27

		Days 1-31



		0

		216±10

		232±14

		18±5

		25±6

		42±11

		45±11



		100

		216±8

		234±14

		18±7

		29±11

		46±17

		49±19



		400

		216±9

		231±9

		15±4

		23±9

		38±11

		43±11



		1000/800

		214±8

		223±10

		9±8* ↓50%

		17±11 ↓32%

		30±15* ↓29%

		36±16 ↓20%



		2000/1200

		215±12

		211±20* ↓9%

		-4.1*

		10±16* ↓58%

		17±13* ↓59%

		22±16* ↓50%



		1600

		216±9

		212±9* ↓9%

		-3.7*

		3.5±10.5* ↓86%

		12±9* ↓72%

		16±9* ↓63%





        Data from Table 15, page106 of the study report; n= 15-16; * p<0.05


		Table 3. Gestation Body Weight/Gain – P1 Females



		ppm

		Day 0

		Day 7

		Days 14

		Day 20

		Day 0

		Day 7

		Day 14

		Day 17



		

		Main study dams

		Satellite dams



		Body Weight (g)



		0

		255±20

		284±21

		324±26

		389±20

		280±7

		311±10

		350±10

		375±8



		100

		275±8

		307±16

		342±23

		417±29

		287±18

		321±19

		35621

		386±24



		400

		270±15

		305±19

		341±23

		415±23

		262±23

		300±26

		338±31

		363±25



		1000/800

		251±13

		286±19

		322±23

		393±26

		258±17

		290±27

		329±30

		36325



		2000/1200

		242±23

		279±30

		315±28

		383±33

		235±33*↓16%

		262±34*↓16%

		293±38*↓16%

		326±41*13%



		1600

		237±8

		262±15 ↓8%

		297±23↓8%

		366±23↓16%

		233±9* ↓17%

		259±17*↓17%

		287±20*↓18%

		316±26*↓16%



		Body-weight Gain (g)



		Days

		 0-7

		7-14

		14-20

		0-20

		0-7

		7-14

		14-17

		0-17



		0

		29±14

		40±9

		65±9

		134±18

		31±4

		39±6

		25±14

		95±11



		100

		32±13

		36±8

		75±13

		143±27

		34±4

		36±6

		30±11

		99±14



		400

		35±5

		35±7

		74±8

		145±12

		38±7

		38±6

		25±7

		101±6



		1000/800

		35±9

		37±7

		71±7

		142±16

		32±17

		38±9

		34±8

		105±25



		2000/1200

		37±10

		36±6

		69±7

		129±22

		28±10

		31±5 ↓21%

		33±5

		92±16



		1600

		25±13↓14%

		35±14

		69±7

		129±22

		25±16 ↓19%

		28±6* ↓28%

		29±11

		83±21 ↓13%





        Data from Tables 16-17, pages 107-108, Tables 18-19, pages 109-110 of the study report; n=10


3.
Reproductive Indices:  There were no adverse, dose-related changes in the conception, gestation, gestation survival, and pup survival indices (Table 4). The mating index at 1600 ppm was 80% compared to 100% in all other groups, and the fertility indices at 2000/1200 ppm (80%) and 1600 ppm (70%) were reduced compared to the control and other dose groups (100%).  The sex ratio, gestation length, and time-to-mating interval were comparable among the groups.

		Table 4. Reproduction Indices and Pup Survival – Main Study



		ppm

		0

		100

		400

		1000/800

		2000/1200

		1600



		# paired

		10

		10

		10

		10

		10

		10



		Mating index (%)

		100

		100

		100

		100

		100

		80



		Conception index

		100

		100

		100

		100

		80

		87.5



		Fertility index

		100

		100

		100

		100

		80

		70



		Gestation index

		100

		100

		100

		100

		100

		100



		Gestation survival index

		100

		96.6

		98.7

		100

		98.2

		99.1



		Gestation length (days)

		21.6±0.5

		21.9±0.3

		21.8±0.4

		21.5±0.5

		21.9±0.4

		21.8±0.4



		Time to mating (days)

		3.0±1.2

		2.4±1.0

		2.5±1.3

		2.9±0.7

		2.3±1.2

		2.7±1.3





        Data from Table 31, pages 128-129 of the study report


4.
Litter Observations: There was decreased pup growth and subsequent pup loss at the two highest dose levels, which was consistent with dose-related decreases in dam food consumption during lactation (Table 5). Pups in both the 2000/1200 ppm and 1600 ppm dose groups had decreased growth rates, including delayed eye opening in one litter at 2000/1200 ppm. 


		Table 5. Litter Observations – Main Study



		ppm

		0

		100

		400

		1000/800

		2000/1200

		1600



		Dead, NVL

		1

		3

		1

		0

		4

		1



		Stomach void of milk  (dead)

		0

		0

		0

		1

		2

		2



		Stomach void of milk  (live)

		0

		0

		1

		0

		2

		2



		Lost entire litter

		0

		0

		0

		0

		0

		1



		Cold to touch

		0

		0

		1

		0

		1

		1



		Decreased activity

		0

		0

		0

		0

		2

		2



		Delayed eye opening

		0

		0

		0

		0

		0

		1





        Data from Table 12, page 101 of the study report; # litters affected

5.
Litter Size and Pup Body Weights: The mean numbers of pups born live and dead were comparable among the groups through LD 14 and up to and including the 1000/800 ppm dose group through LD 21 (Table 6). Litter size was slightly reduced at 1600 ppm on PND 14 (group terminated between PND 14-21 due to marked decreases in food consumption and body weight). A significant decrease in litter size was observed at 2000/1200 ppm on PND 21. On LD 1, slightly lower pup body weights were observed in both sexes at the 2000/1200 ppm and 1600 ppm dose levels (Table 7). The magnitude of the reduction in body weight in these two groups increased with time, with a >20% reduction being observed by LD 7. By LD 14, the 1000/800 ppm dose group displayed a significant reduction (14%) in body weight (both sexes). Post-weaning (PND 28-35) body weights were reduced at the 1000/800 ppm dose levels in both sexes (30%-35%), and body-weight gains (PND 28-35) were significantly reduced (36%-37%) in both sexes at 1000/800 ppm (Table 8).


		Table 6. Pup Survival/Litter Size – Main Study



		ppm

		0

		100

		400

		1000/800

		2000/1200

		1600



		Born live (mean±sd)

		14.0±1.2

		14.3±2.6

		15.5±1.4

		14.1±1.8

		13.6±1.4

		13.3±2.3



		Born dead (mean±sd)

		0.0±0.0

		0.5±1.0

		0.2±0.4

		0.0±0.0

		0.3±0.5

		0.1±0.4



		LD 1


LD 4


LD 4A


LD 7


LD 14


LD 21

		13.8±1.5


13.8±1.5


10.0±0.0


10.0±0.0


10.0±0.0


9.2±1.0

		14.1±2.5


13.9±2.4


10.0±0.0


10.0±0.0


10.0±0.0


9.0±1.1

		15.3±1.3


15.1±1.4


10.0±0.0


9.9±0.3


9.7±0.7


8.9±1.5

		13.9±1.7


13.9±1.7


10.0±0.0


10.0±0.0


10.0±0.0


9.2±1.0

		13.6±1.4


13.6±1.4


10.0±0.0


9.8±0.5


9.8±0.5


6.5±3.8* ↓30%

		13.3±2.3


13.1±2.1


9.9±0.4


9.9±0.4


8.4±3.7 ↓16%


-



		Sex ratio (♂/♀)

		41:59

		57/43

		55/45

		51/49

		48/52

		49/51



		Survival index


Day 1


Day 4

		98.6


98.6

		98.6


97.2

		98.7


97.4

		98.6


98.6

		100


100

		100


99.1





        Data from Table 32, page 130 of the study report; A after cull


		Table 7. Pup Body Weights (g)



		ppm

		0

		100

		400

		1000/800

		2000/1200

		1600



		Male pups



		LD 1


LD 4


LD 4A


LD 7


LD 14


LD 21

		7.1±0.4


9.9±0.6


10.0±0.6


15.0±1.5


30.0±3.1


48.2±4.4

		7.1±0.5


9.9±1.2


9.9±1.1


14.6±1.8


29.0±2.8


47.3±5.6

		7.0±0.6


9.6±0.9


9.7±0.9


14.7±1.7


29.6±2.1


48.4±3.8

		7.0±0.4


9.5±0.6


9.5±0.6


13.6±1.1 ↓10%

25.7±2.6* ↓14%

37.3±6.8* ↓23%

		6.8±0.4


9.0±0.7


9.1±0.8


11.8±1.1* ↓21%

20.8±2.3* ↓31%

28.2±4.7* ↓41%

		6.6±0.6


8.4±1.2


8.3±1.3* ↓17%

10.6±2.3*↓29%

19.1±3.0* ↓36%

-



		Female pups



		LD 1


LD 4


LD 4A


LD 7


LD 14


LD 21

		6.7±0.4


9.4±0.7


9.4±0.7


14.4±1.3


28.7±2.7


45.8±3.8

		6.9±0.6


9.7±1.4


9.7±1.4


14.4±1.8


28.3±2.9


46.85.4

		6.7±0.5


9.2±1.0


9.1±1.0


13.9±1.6


28.3±2.6


46.1±3.4

		6.7±0.4


9.1±0.6


9.1±1.6


12.9±1.2 ↓11%

24.9±2.4* ↓13%

36.6±7.2* ↓20%

		6.5±0.5


8.5±0.9


8.5±0.9


11.0±1.3* ↓24%

19.7±2.4* ↓31%

25.7±6.4* ↓44%

		6.2±0.6


8.0±1.2* ↓15%

8.0±1.2* 15↓%

10.1±2.2* ↓30%

18.6±1.7* ↓35%

-





        Data from Table 33, page 131 of the study report; A after cull; n=6-10; *p<0.05


		Table 8. Post-Weaning Pup Body Weights/Gains (grams; mean±sd)



		ppm

		0

		100

		400

		1000/800



		Male Pups



		PND 28


PND 35

		86.8±4.6


147.4±7.0

		84.2±8.1


144.7±10.7

		82.2±4.1


140.2±7.3

		58.2±13.0* ↓33%


96.5±23.2* ↓35%



		Body-weight gain

		60.6±4.7

		60.5±4.6

		58.0±3.8

		38.3±10.7* ↓37%



		Female Pups



		PND 28


PND 35

		79.3±5.4


123.6±7.1

		80.1±8.0


126.9±10.3

		76.5±3.3


123.4±4.8

		55.2±10.8* ↓30%


83.6±14.9 ↓32%



		Body-weight gain

		44.3±3.6

		46.8±3.3

		47.0±3.2

		28.5±5.6* ↓36%





                    Data from Tables 36-37, pages 134-135 of the study report; *p<0.05; n=9-10


6.
Dam Body Weight during Lactation:  Body weights of the dams during lactation were comparable among the groups, although body-weight gains (large standard deviations) during the first week of lactation were reduced at the 2000/1200 ppm and 1600 ppm dose levels (Table 9).


		Table 9. Lactation Body Weights/Gains (g) – Main Study P1 Females



		ppm

		0

		100

		400

		1000/800

		2000/1200

		1600



		Body Weight



		LD 1


LD 7


LD 21

		293±18


311±13


320±19

		308±17


336±17*


336±20

		305±20


325±26


334±24

		289±20


305±20


329±20

		283±20


296±20


314±23

		276±14


290±12


-



		Body-Weight Gain



		LD 1-4


LD 4-7


LD 1-21

		10±8


7±8


27±18

		16±5


12±11


25±15

		12±4


8±11


29±13

		10±10


6±7


40±19

		7±7


6±8


31±18

		6±8


4±6


-





                       Data from Tables 20-21, pages 111-112 of the study report; n=6-10


7.
Test material intake (P1 rats):  Premating intake was comparable between the sexes. Dams during gestation ingested amounts similar to their premating levels but during lactation, they ingested approximately twice the premating amounts at the 100 ppm and 400 ppm dose levels (Table 10).


		Table 10. P1 Test Material Intake (mg/kg/day)



		ppm

		0

		100

		400

		1000/800

		2000/1200

		1600



		P1 males



		premating

		0

		6.8(1

		26(13

		60(12

		110(33

		103(11



		postmating

		0

		5(0.2

		20(1

		40(2

		62(3

		81(3



		P1 females



		premating

		0

		7(0.5

		29(1.5

		67(8

		108(35

		103(12



		postweaning (81-95)

		0

		6.33(0.01

		25.8(0.07

		53.8(0.17

		73.3(0.42

		Na



		gestation

		0

		7.18(0.8

		29(4

		61.3(6

		90(8

		117(10



		lactation (LD 1-14)

		0

		13.5(3.2

		55.5(13.8

		98.7(25

		125(25

		164(38





                      Data from Tables 29-30, pages 122-127; time-weighed average doses

8.
Levels of 2, 4-D in plasma and milk: P1 females had higher plasma concentration of 2, 4-D (2-fold to 21-fold greater) than the P1 males following premating exposure at all dietary concentrations (Table 11). In the F1 offspring, the males had higher plasma concentration of 2, 4-D than the females following exposure at all dietary concentrations on LD 14, and on LD 4 (except at 1200 ppm), LD 21 (except at 800 ppm and 1200 ppm), and on LD 28 (except at 400 ppm and 800 ppm). At 400 ppm, the concentration of 2, 4-D in plasma of the pups on LD 14 was 10-fold higher than on LD 4. The concentration of 2, 4-D in the milk was higher on LD 14 compared to LD 4, which was consistent with the increase in 2, 4-D intake by the dams on LD 14 compared to LD 4 (1.4-1.9X higher dose vs 1.2-2.2X milk concentration). Plasma levels increased in both sexes (all doses) from LD 4 to LD 14 to LD 21. Pup plasma levels of 2, 4-D were reduced on LD 35 compared to the levels on LD 28 in both sexes. The plasma levels observed on LD 28 and LD 35 were comparable between the sexes at the 100 ppm dose levels; i. e., males 1.86/females 1.56 on LD 28 and males 1.57/females 1.45 on LD 35. At dose levels greater than 100 ppm, females displayed higher plasma levels than the males on LD 28 and LD 35, with the exception of 800 ppm males who displayed higher plasma levels on LD 28 than the females.


		Table 11. Concentrations of 2, 4-D  in Plasma of Pups and Day 28/29 Adults (µg/g)



		Dose (ppm)

		Males

		Females



		2, 4-D in Pup Plasma on Lactation Day 4C



		100


400


800


1200


1600

		0.99±0.96


4.91±3.41


100.07±39.36


164.33±56.05


204.89±22.87

		0.67±0.50


4.40±3.09


88.23±31.67


182.81±26.12


185.98±40.82



		2, 4-D in Pup Plasma on Lactation Day 14C



		100


400


800


1200


1600

		3.64±5.49


49.03±27.88


177.42±29.30


314.91±72.52


369.20±24.89

		1.87±2.70


41.15±6.42


169.18±41.08


295.88±73.52


351.87±42.09



		2, 4-D in Pup Plasma on Lactation Day 21



		100


400


800


1200

		11.24±8.04


126.15±45.75


282.19±44.81


262.85±59.12

		6.41±4.02


106.62±48.78


291.67±62.07


311.58±18.10



		2, 4-D in Pup Plasma on Lactation Day 28



		100


400


800

		1.86±1.23


78.24±49.11


222.96±77.55

		1.56±0.45


108.14±35.66


182.01±109.21



		2, 4-D in Pup Plasma on Lactation Day 35A



		100


400


800

		1.57±0.82


8.75±4.51


77.25±61.84

		1.45±0.40


19.65±15.92


113.70±91.83



		2, 4-D in Adult Plasma Day 28 (male) and Day 29 (female) of exposure A, B



		100


400


800


1200


1600

		0.59±0.21


2.47±1.38


6.29±3.89


8.05±6.40


26.70±14.26

		1.09±0.40


8.98±4.12


43.19±24.91


170.52±78.76


132.78±52.04





                             Data from Text Tables 21, 22, 23, 24 (pages 63-66, Table 48, page 152 of study report; A values calculated using all 3 time                                                                                                                                                                                                                                                                                                                                     points of individual rats; B not clear which adults these are; mean±sd;  Cdose to bled dam in Table below for comparison (either LD 4 or LD 14);  


9.
Pharmacokinetics-Systemic Exposure: On a mg/kg/day basis, 2, 4-D intake was slightly greater for the P1 females than the P1 males at each dose level (Table 12) on TD 28. The plasma levels of 2, 4-D were greater (↑2-23-fold) in the P1 females (TD 29) than the P1 males (TD 28) at all dose levels.



In the P1 males, the increase in the calculated AUC24h was dose-proportional up to the 1200 ppm dose level; at the 1600 ppm dose level, the AUC24h was ↑41-fold (TD 28) and ↑38-fold (TD 71) higher than the expected 16-fold difference between the 100 ppm and 1600 ppm ingested doses, indicating nonlinear pharmacokinetics at 1600 ppm. On TD 71, AUC24h was ↑33-fold higher than the expected 12-20-fold difference between 100 ppm and 2000/1200 ppm. For the P1 females, a 4-, 8-, 12-, and 16-fold increase in dose resulted in an increase in the systemic dose (calculated AUC24h) of 8-, 39-, 160-, and 120-fold, respectively (Table 12) on TD 28. 


		Table 12.  2, 4-D Intake and Systemic Dose (P1 Males and Females)



		ppm

		100

		400

		1000/800

		2000/1200

		1600



		P1 MalesA



		Dose (mkg)


P1 TD 28


P1 TD 71

		5.45(0.29


4.98(0.14

		21.08(1.13


19.43(1.35

		41.40(5.55


40.12(1.75

		68.70(2.89


62.59(3.88

		79.18(12.44


80.78(4.56



		Dose interval


P1 TD 28


P1 TD 71

		1X


1X

		3.9X


3.9X

		7.6X


8.1X

		12.6X


12.6X

		14.5X


16.2X



		Plasma AUC24h


P1 TD 28


P1 TD 71

		13.96(3.24


17.63(3.13

		59.52(22.09


84.06(33.59

		146.61(26.60


160.44(43.09

		179.26(106.75


579.17(168.46

		578.54(90.13


671.58(285.07



		AUC24h Interval


P1 TD 28


P1 TD 71

		1X


1X

		4.3X


4.8X

		10.5X


9.1X

		12.8X


32.9X

		41.4X


38.1X



		P1 FemalesA



		Dose (mkd)


P1 TD 28


P1 TD 95


P1 GD 17


P1 LD 4C


P1 LD 14C

		6.27(0.17


6.51(0.29


7.23(0.51


9.88(1.18


15.47(0.73

		24.88(1.70


24.59(2.28


28.95(1.95


37.35(2.38


57.51(3.26

		52.40(3.83


48.83(5.49


61.20(4.71


71.32(7.69


117.48(8.76

		75.25(10.75


72.69(5.65


89.70(3.66


92.45(10.71


139.55(11.36

		98.50(2.70


-


114.08(11.25


123.62(29.39


173.04(14.03



		Dose interval


P1 TD 28


P1 TD 95


P1 GD 17


P1 LD 4


P1 LD 14

		1X


1X


1X


1X


1X

		4X


3.8X


4.0X


3.8X


3.7X

		8.4X


7.5X


8.5X


7.2X


7.6X

		12X


11.2X


12.4X


9.4X


9.0X

		15.7X


-


15.8X


12.5X


11.2X



		Plasma AUC24h


P1 TD 28


P1 TD 95


P1 GD 17


P1 LD 4


P1 LD 14

		25.87(4.28


25.16(5.19


33.89(11.98


72.12(28.40


86.69(37.68

		212.90(51.89


201.13(42.12


310.52(183.69


347.21(148.28


885.68(403.64

		1001.55((609.9


1627.47(141.83


1631.28(152.84


4703.42(920.10


2469.77(405.72

		4139.07(2068.15


3618.14(1042.41


2893.33(450.59


5835.40(1255.33


5759.251266.96

		3113.09(1232.79


-


4253.27(1088.41


6991.55(1725.62


6448.54(118.09



		AUC24h Interval


P1 TD 28


P1 TD 95


P1 GD 17


P1 LD 4


P1 LD 14

		1X


1X


1X


1X


1X

		8.2X


8.0X


9.2X


4.8X


10.2X

		38.7X


64.7X


48.1X


65.2X


28.5X

		160X


143.8X


85.4X


80.9X


66.4X

		120.3X


-


125.5X


96.9X


74.4X





 A Data from Table 46, page 150 of the study report; X relative to 100 ppm dose; mean±sd;  C dose to bled dam;  

10.
Milk concentrations: The concentrations of 2, 4-D in milk on LD 4 and LD 14 are presented in Table 13. For LD 4, the concentrations in dam plasma averaged 3.3±1.8 (range 1.7-6.3) fold higher than the corresponding concentration in dam’s milk. For LD 14, the concentrations in dam plasma averaged 2.0±0.5 (range 1.5-2.5) fold higher than the concentration in dam’s milk.



Concentration of 2, 4-D in the plasma of PND 4 pups averaged 2.2(0.8 (males) and 2.6(1.3 fold lower than that of the dams. For the LD 14, the ratios of dam to pup 2, 4-D plasma concentrations of were 0.8(0.2 (male) and 1.0(0.5 (female), indicating a comparable 2, 4-D plasma concentration. 


		
Table 13.  2, 4-D Maternal Plasma and Milk Concentrations (LD 4 and LD 14)



		ppm

		100

		400

		1000/800

		2000/1200

		1600



		LD 4



		Average plasma concentration to bled dam (µg/g)

		2.86±0.70

		15.49±9.20




		194.47±7.70




		242.99±15.45




		292.47±5.94






		Milk concentration  (µg/g)

		1.08±0.47




		9.27±4.29

		30.84±9.19

		74.77±19.39




		106.85±59.87



		Plasma to milk ratio

		2.65X

		1.67X

		6.31

		3.25

		2.74



		LD 14



		Average plasma concentration to bled dam (µg/g)

		3.66±0.26

		36.85±1.42




		102.12±10.49




		237.8±14.21




		266.43±15.12






		Milk concentration  (µg/g)

		2.35±1.07

		14.65±4.04

		68.94±20.13

		104.68±20.02

		127.63±76.18



		Plasma to milk ratio

		1.56

		2.52

		1.48

		2.27

		2.09



		Comparison  of  Dose between LD 4 and LD 14



		Dose (mkg) to milked dam (LD 4)

		8.60±1.76




		36.55±4.48


(4.3X)

		63.71±19.48


(7.4X)

		104.36±11.74


(12X)

		123.71±14.76


(14.4X)



		Dose (mkg) to milked dam  (LD 14)

		16.09±1.84

		69.11±6.40


(4.4X)

		114.56±14.17


(7X)

		146.36±5.00


(9X)

		203.73±17.27


(12X)



		Ratio LD 14/LD 4

		1.9

		1.9

		1.8

		1.4

		1.6



		Comparison  of  Milk Concentration between LD 4 and LD 14



		Milk conc. (LD 4)

		1.08±0.47




		9.27±4.29

		30.84±9.19

		74.77±19.39




		106.85±59.87



		Milk conc.  (LD 14)

		2.35±1.07

		14.65±4.04

		68.94±20.13

		104.68±20.02

		127.63±76.18



		Ratio LD 14/LD 4

		2.2

		1.6

		2.2

		1.4

		1.2





  Data from Tables 46-48, pages 150-152, Appendix Tables 41-42, pages 478-479 of the study report; mean(s.d. 


		Table 14.  2, 4-D Maternal Plasma and Milk Concentrations and F1 Pup Plasma Concentrations - PND 4/PND 14



		ppm

		100

		400

		1000/800

		2000/1200

		1600



		LD 4



		Dose (mkg) to bled dam

		9.88(1.18


(1X) A

		37.35(2.38


(3.8X)

		71.32(7.69


(7.2X)

		92.45(10.71


(9.4X)

		123.62(29.39


(12.5X)



		Average plasma concentration to bled dam (µg/g)

		2.86±0.70

		15.49±9.20


(5.4X)

		194.47±7.70


(68X)

		242.99±15.45


(85X)

		292.47±5.94


(102X)



		Dose (mkg) to milked dam

		8.60±1.76




		36.55±4.48


(4.3X)

		63.71±19.48




		104.36±11.74




		123.71±14.76






		Milk concentration  (µg/g)

		1.08±0.47




		9.27±4.29


(8.6X)

		30.84±9.19


(29X)

		74.77±19.39


(69X)

		106.85±59.87


(99X)



		Male pup plasma levels (µg/g)

		0.99±0.96




		4.91±3.41


(4.96X)

		100.07±39.36


(101X)

		164.33±56.05


(166X)

		204.89±22.87


(207X)



		Female pup plasma levels (µg/g)

		0.67±0.50

		4.40±3.09


(6.6X)

		88.23±31.67


(132X)

		182.81±26.12


(273X)

		185.98±40.82


(278X)



		Pup/dam plasma ratio


Male


Female


Combined

		0.35


0.23


0.29

		0.32


0.28


0.30

		0.51


0.45


0.48

		0.68


0.75


0.72

		0.70


0.64


0.67



		LD 14



		Dose (mkg) to bled dam

		15.47(0.73

		57.51(3.26


(3.7X)

		117.48(8.76


(7.6X)

		139.55(11.36


(9X)

		173.04(14.03


(11X)



		Average plasma concentration to bled dam (µg/g)

		3.66±0.26

		36.85±1.42


(10X)

		102.12±10.49


(28X)

		237.8±14.21


(65X)

		266.43±15.12


(73X)



		Dose (mkg) to milked dam

		16.09±1.84

		69.11±6.40


(4.4X)

		114.56±14.17


(7X)

		146.36±5.00


(9X)

		203.73±17.27


(12X)



		Milk concentration  (µg/g)

		2.35±1.07

		14.65±4.04


(6X)

		68.94±20.13


(29X)

		104.68±20.02


(45X)

		127.63±76.18


(54X)



		Male pup plasma levels (µg/g)

		3.64±5.49




		49.03±27.88


(13.5X)

		177.42±29.30


(49X)

		314.91±72.52


(87X)

		369.20±24.89


(101X)



		Female pup plasma levels (µg/g)

		1.87±2.70




		41.15±6.42


(22X)

		169.18±41.08


90X)

		295.88±73.52


(158X)

		351.87±42.09


(188X)



		Pup/dam plasma ratio


Male


Female


Combined

		0.99


0.51


0.75

		1.33


1.12


1.23

		1.74


1.66


1.70

		1.32


1.24


1.28

		1.39


1.32


1.36





Data from Table 46-48, pages 150-152, Appendix Tables 41-42, pages 478-479 of study report;  A(increase relative to 100 ppm dose) 


11.
F1 PND 35 Offspring: The dose ingested at each dose level was comparable between the sexes on PND 35, but the systemic dose (AUC24h) was considerably higher in females at the 400 ppm and 1000/800 ppm dose levels compared to that in males (Table 15). The systemic dose interval was also greater in females than males; comparison of systemic dose between 100 ppm and 400 ppm shows males to be 5.3X and females to be 13.9X vs 4X for both sexes for ingested dose; for 100 ppm compared to 1000/800 ppm, males show 43X vs 71X for females compared to ingested dose interval of 8X-10X.  


		Table15.  Test Material Intake and Corresponding Systemic Dose – F1 Rats on PND 35



		

		F1 males

		F1 females



		ppm

		100

		400

		1000/800

		100

		400

		1000/800



		

		

		

		

		

		

		



		Dose (mkd)

		14.19(1.1

		56.65(4.6

		123.11(17.0

		14.13(0.9

		58.14(1.7

		121.15(34.5



		Dose interval A

		1X

		4X

		8.7X

		1X

		4.1X

		8.6X



		Plasma AUC24hB

		38.24(20.9

		203.87(102

		1655.44(792

		34.50(8.9

		479.10(393

		2438.63(1661



		AUC24h interval A

		1X

		5.3X

		43.3X

		1X

		13.9X

		70.7X



		2, 4-D in plasma on PND 35

		1.57±0.82

		8.75±4.51

		77.25±61.84

		1.45±0.40

		19.65±15.92

		113.70±91.83



		plasma interval A

		1X

		5.6S

		49X

		1X

		13.6X

		78X



		F1 PND 28-35 (mkd) a

		14.5

		56.5

		115

		13.9

		56.4

		110





  Data from Text Tables 25-26, pages 66-67; Table 46, page 150 of study report; a means only; time-weighed average;                                                                                                                                                                                                                                                                                                                                                                                  Tables 40-41, pages 138-139 in the study report;   A(relative to 100 ppm dose);  B (µg h mL-1); 


A comparison of the doses and plasma concentrations between F1 PND 35 rats and the P1 rats shows that the young PND 35 rats received a higher dose (and attained a higher plasma level) than the dose to P1 males on TD 28 and TD 71 and P1 females on TD 28, TD 95, GD 17, and LD 4 at each dose level. The dose to the PND 35 rats was comparable to the dose to the dams on LD 14.  


		Table 16.  Test Material Intake and Corresponding Systemic Dose – Comparison



		

		

		



		ppm

		100

		400

		1000/800

		100

		400

		1000/800



		

		F1 males

		+F1 females



		Dose (mkd)


PND 35

		14.19(1.1

		56.65(4.6

		123.11(17.0

		14.13(0.9

		58.14(1.7

		121.15(34.5



		Plasma AUC24h (µg h mL-1)

		38.24(20.9

		203.87(102

		1655.44(792

		34.50(8.9

		479.10(393

		2438.63(1661



		

		P1 males

		P1 females



		Dose (mkd)


P1 TD 28


P1 TD 71/95


P1 GD 17


P1 LD 4

P1 LD 14

		5.45(0.29


4.98(0.14


-


-


-

		21.08(1.13


19.43(1.35


-


-


-

		41.40(5.55


40.12(1.75


-


-


-

		6.27(0.17


6.51(0.29


7.23(0.51


9.88(1.18


15.47(0.73

		24.88(1.70


24.59(2.28


28.95(1.95


37.35(2.38


57.51(3.26

		52.40(3.83


48.83(5.49


61.20(4.71


71.32(7.69


117.48(8.76



		Plasma AUC24h (µg h mL-1)


P1 TD 28


P1 TD 71/95


P1 GD 17


P1 LD 4

P1 LD 14

		13.96(3.24


17.63(3.13


-


-


-

		59.52(22.09


84.06(33.59


-


-


-

		146.61(26.60


160.44(43.09


-


-


-

		25.87(4.28


25.16(5.19


33.89(11.98


72.12(28.40


86.69(37.68

		212.90(51.89


201.13(42.12


310.52(183.69


347.21(148.28


885.68(403.64

		1001.55((609.9


1627.47(141.83


1631.28(152.84


4703.42(920.10


2469.77(405.72





                       Data from Table 45, page 150


		Table 17.  Ratio of Plasma AUC24 h to Dose and 2,4-D Plasma Concentration –P1 Adult to F1 PND 35 Rats



		

		

		



		ppm

		100

		400

		1000/800

		100

		400

		1000/800



		

		F1 males

		F1 females



		Plasma AUC24h to Dose


PND 35

		2.7

		3.6

		13.4

		2.4

		8.2

		20.1



		

		P1 males

		P1 females



		Plasma AUC24h to Dose

P1 TD 28


P1 TD 71/95


P1 GD 17


P1 LD 4

P1 LD 14

		2.6


3.5


-


-


-

		2.8


4.3


-


-


-

		3.5


4.0


-


-


-

		4.1


3.9


4.7


7.3


5.6

		8.6


8.2


10.7


9.3


15.4

		19.1


33.3


26.7


66.0


21.0





12.
Kidney Findings: Absolute and relative kidney weights were increased at 1600 ppm (P1 males) and at ≥ 1000/800 ppm (P1 females) at necropsy (Table 18). Multifocal, degenerative lesions in the proximal convoluted tubules of the renal medulla were found on microscopic examination in males at ≥400 ppm and in females at ≥800 ppm.  


		Table 18. Microscopic Kidney Effects – Main Study



		ppm

		0

		100

		400

		1000/800

		2000/1200

		1600



		Males



		Degeneration, focal, proximal convoluted tubule, outer strip, outer zone


 very slight

		(2)


2

		(2)


2

		(1)


1

		(0)


0

		(1)


1

		(1)


1



		Degeneration, multifocal, proximal convoluted tubule, outer strip, outer zone


 very slight


Slight

		(1)


1


0

		(1)


1


0

		(6)


6


0

		(8)


8


0

		(8)


4


4

		(8)


7


1



		Kidney weight (g) A

Absolute


Relative


Terminal BW

		3.64±0.40


0.68±0.05


531±36

		3.87±0.49


0.72±0.08


538±44

		3.73±0.43


0.71±0.06


526±41

		3.92±0.43 ↑8%


0.74±0.07 ↑9%


534±48

		3.85±0.41 ↑6%


0.75±0.07 ↑10%


511±40 ↓4%

		4.08±0.33 ↑12%


0.81±0.07*↑18%


509±39 ↓4%



		Females



		Degeneration, focal, proximal convoluted tubule, outer strip, outer zone


 very slight

		(1)


1

		(1)


1

		(0)


0

		(1)


1

		(1)


1

		-



		Degeneration, multifocal, proximal convoluted tubule, outer strip, outer zone


 very slight


Slight

		(0)


0


0

		(0)


0


0

		(0)


0


0

		(5)


5


0

		(5)


3


2

		-


-


-



		Kidney weight (g)A


Absolute


Relative


Terminal BW

		1.97±0.15


0.68±0.04


288±18

		2.10±0.17


0.70±0.05


300±18

		2.15±0.20↑9%


0.72±0.06


301±21

		2.24±0.14*↑14%


0.79±0.07*↑16%


283±14

		2.33±0.20*↑18%


0.83±0.05* ↑22%

282±23

		-


-


-





        Data from Tables 42, 43, 45, pages 140, 141, 149 of the study report; (n); * α = 0.05; A mean±sd
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STUDY TYPE: pharmacokinetic titration study
                    DP BARCODE: D376556


P.C.CODE: 030001 



TEST MATERIAL (Purity):  2, 4-D (99% a.i.)


SYNONYMS: (2, 4-Dichlorophenoxy) acetic acid, 2,4-D Acid


CITATION: 
Saghir, S. A., Clark, A. J., Bus, J. S., Marty, M. S. Perala, A. W. and Yano, B. L., and Zablotny, C. L. (2008). A Dietary Titration Study of 2, 4- Dichlorophenoxyacetic Acid (2,4-D) Pharmacokinetics in Female CRL:CD(SD) Rats. Toxicology & Environmental Research and Consulting, The Dow Chemical Company. Laboratory Project Study ID 071210, April 29, 2008. MRID 47417902. Unpublished.


SPONSOR:
Industry Task Force II on 2, 4-D Research Data


EXECUTIVE SUMMARY:  In a pharmacokinetic titration study (MRID 47417902), adult, non-pregnant female Sprague-Dawley Crl:CD(SD) rats (4/dose) were administered 2,4-D (99% a.i.; Lot # 2006 2433 8006-USA)) in the diet at 0, 100, 200, 400, 600 or 800 ppm for 29 days.  These doses (time-weighted average doses) were equivalent to 0, 7, 15, 30, 45, and 58 mg/kg/day. The test material intake during the last week of dosing averaged 0, 7, 14, 27, 41, and 56 mg/kg/day. The parameters evaluated included daily cage-side observations, weekly clinical examinations, body weights, food consumption, and gross pathological examinations. To calculate systemic exposure, diurnal area under the plasma concentration time curve (AUC24h) was determined by collecting 3 blood samples (6:00 am, 9:00 am, and 5:00 pm) the day after the 4-week exposure period. 


All rats survived to scheduled sacrifice, and there were no treatment-related signs of toxicity. Females at the 600 ppm and 800 ppm dose levels displayed reduced body-weight gains (↓29% and ↓58%, respectively) after one week of exposure and overall (↓18% and ↓33%, respectively), compared to control. At termination, body weights were slightly reduced (↓4% and ↓8%, respectively) at the 600 ppm and 800 ppm dose levels.  No changes were observed at necropsy. 


The difference in the AUC24h between the 100 ppm (21.2 µg h mL-1) and 200 ppm  (67.6 µg h mL-1) dose groups was 3-fold, which is greater than the expected 2-fold from the actual doses ingested. Compared to the lowest dose (100 ppm), there was an 11- (233 µg h mL-1), 31- (650 µg h mL-1), and 60-(1285 µg h mL-1) fold difference in AUC24h at 400 ppm, 600 ppm, and 800 ppm, respectively. 


The study report states that in all cases, Cmax was found to be at the time of the first blood sampling (6:00 am; Figure 1, from page 28 of the report), corresponding to active feeding right before the lights are turned on (Saghir, et al., 2006). However, the individual data show that one 200 ppm female and two 400 ppm females displayed higher levels at 9:00 am than at 6:00 am; one 100 ppm female showed nearly identical levels at 6:00 am and 9:00 am and the highest level was observed at 5:00 pm; one 200 ppm female and one 800 ppm female displayed the highest level at 5:00 pm (Table 4).

2, 4-D was eliminated from the plasma at the same rate constant corresponding to an elimination half-life of 4 to 8 hours. 


COMMENT: Although it is acknowledged that the dose groups are small (4 rats/dose), there is considerable variability among the rats, which resulted in the standard deviations being, in several cases, greater than the means.


CLASSIFICATION: This pharmacokinetic titration study in female, non-pregnant rats is classified Acceptable, non-guideline. There is no guideline requirement for this type of study. The purpose of the study was to better characterize the pharmacokinetics of 2, 4-D in adult, non-pregnant Sprague-Dawley rats following dietary exposure for use in setting dose levels for the extended 1-generation reproduction study (MRID 47972101). In the initial dietary dose range-finding study (MRID 47417901; separate abbreviated DER), the dose spread at the lower levels (100 ppm and 400 ppm) in the female rats did not allow a clear definition of the dose at which nonlinear kinetics likely began. 


I.
MATERIALS AND METHODS:

A.
MATERIALS:

		1.
Test material:

		2,4-D



		

		Description:

		Solid, off-white flakes (prior to milling)



		

		Lot #:

		2006 2433 8006-USA



		

		Purity:

		 99% a.i.



		

		Compound stability: 

		Stable in diet for 27 days



		

		CAS # of TGAI: 

		94-75-7



		

		Structure:
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2.
Vehicle and/or positive control:  none (test material was milled and mixed with certified feed flour, then diluted with ground feed). 


		3.
Test animals:

		



		

		Species:

		Rat



		

		Strain:

		Crl:CD(SD)



		

		Age at study initiation:

		9 wks



		

		Wt. At study initiation:

		Females: 214-224 g



		

		Source:

		Charles River Laboratories Inc. (Portage, Michigan)



		

		Housing:

		Singly in stainless steel cages



		

		Diet:

		LabDiet Certified Rodent Diet #5002,  ad libitum (PMI Nutrition International, MO)



		

		Water: 

		 Municipal water,  ad libitum



		

		Environmental conditions:

		Temperature:


Humidity:


Air changes:


Photoperiod:

		22 ± 1°C 


40-70%


12-15/hr


6 hrs dark/6 hrs light



		

		Acclimation period: 

		≥ one week





B.
PROCEDURES AND STUDY DESIGN

Rats were examined twice daily for clinical signs of toxicity and morbidity. Weekly clinical examinations were performed on all rats pre-test and weekly throughout the study. These included a hand-held examination to evaluate abnormalities in the eyes, urine, feces, gastrointestinal tract, extremities, movement, posture, reproductive system, respiration, skin/hair coat, and mucous membranes, as well as an assessment of general behavior, injuries, or palpable masses/swellings.  Food consumption and body weight were recorded weekly.  Three blood samples were collected from each rat (jugular vein) at the end of the fourth week of exposure, a day prior to sacrifice. The first blood sample was collected at 6:00 am (at time lights were turned on); the second sample was collected 3 hours later (9:00 am), and the final sample was collected at ≈1 hour prior to the start of the dark phase of the photocycle (5:00 pm). These samples were used to estimate plasma AUC24h. Terminal blood samples were collected at the time of sacrifice after 14 hours of fasting to determine the elimination half-life. Each rat was subjected to a complete necropsy. No histopathological examinations were conducted. 


Immediately after collection, blood samples were centrifuged to separate plasma from RBCs, and plasma was removed and placed in glass vials. Plasma samples were stored in the freezer (-80° C). Stability of 2, 4-D in plasma, as well as 2- and 5-week stability of frozen samples, was determined in the initial PK study (Saghir, et al., 2008). 


II.
RESULTS: 


A.
BODY WEIGHT 


Body weight was decreased slightly at the 600 ppm (4%) and 800 ppm (7%) dose levels on Day 29 and at the 800 ppm dose level (6%) on Day 8 (Table 1). Body-weight gain was reduced at these two dose levels during the first week of dosing (Day 1-8; 29% and 59%, respectively) and overall (Days 1-29; 18% and 33%, respectively)


		Table 1. Body Weight/Gain



		ppm

		0

		100

		200

		400

		600

		800



		Body Weight (g)



		Day 1


Day 8


Day 29

		224(9


241(10


269(30

		218(5


245(10


276(13

		217(7


239(4


265(5

		214(10


235(10


258(12

		220(4


233(12 


258(24 ↓4%

		219(8


226(10 ↓6%


249(19 ↓7%



		Body-Weight Gain



		Days 1-8


Days 1-29

		17(3


45(26

		27(5


59(9

		22(6


48(6

		21(2


43(7

		12(10 ↓29%

37(23 ↓18%

		7(4 ↓59%

30(13 ↓33%





Data obtained from Table 6 (page 36) of the study report;  # rounded (% slightly different than in text)


The AUC24h was calculated by extrapolating 2, 4-D concentration in the 3 collected plasma samples to 24 hours assuming that the plasma concentration at 7:00 am on the following day is similar to the samples collected at 6:00 am one day earlier due to steady-state systemic exposure (Table 2). 

		Table 2. Test Material Intake and Corresponding Systemic Dose as Measured by AUC24h



		100 ppm

		200 ppm

		400 ppm

		600 ppm

		800 ppm



		2,4-D exposure (mg/kg/day) through diet to rats bled for kinetic analysis



		7.18(0.30A

		13.86(1.25

		26.94(1.90

		41.05(2.25

		55.63(1.00



		Plasma AUC (µg h mL -1) of 2, 4-D in female rats exposed to different dietary concentrations 



		21.17(6.73A

		67.58(12.92

		233.33(79.65

		650.45(687.20

		1285.07(739.46



		X-fold difference from 100 ppm (mg/kg/day)



		1.00

		1.9

		3.75

		5.7

		7.75



		X-fold difference from 100 ppm (µg h mL -1)



		1.00

		3.2

		11.0

		30.7

		60.7



		T1/2 (hr)



		8.0(7.3

		4.0(1.3

		3.6(0.5

		6.6(3.6

		5.0(3.4





Data obtained from Table 10 (page 45) and Figure 3 (page 30) of the study report; Amean( s.d. 


The ratio of the doses (mg/kg/day) shows the expected interval, whereas a comparison of the systemic dose AUC24h does not (Table 3). 


		 Table 3. Ratios 



		Ratio

		Ratio of AUC24h  

		Ratio of Dose (mkd)



		100 ppm to 200 ppm

		3.2

		1.9



		100 ppm to 400 ppm

		11

		3.8



		100 ppm to 600 ppm

		30.7

		5.7



		100 ppm to 800 ppm

		60.7

		7.8



		200 ppm to 400 ppm

		3.45

		1.9



		200 ppm to 600 ppm

		9.6

		2.96



		200 ppm to 800 ppm

		19

		4.0



		400 ppm to 600 ppm

		2.8

		1.5



		400 ppm to 800 ppm

		5.5

		2.1





Appendix Table 9 (page 85) (1) The t1/2 for rat # 1241 (100 ppm) is 16.38 hours, which is the highest value of all of the rats in the study, and the mean t1/2 is 7.96 hours (longest time of all of the doses). Without this rat, the t1/2 is 3.75 hours (n=2), since the fourth rat showed no difference in levels between the final dose and following the 14-hour fast. (2) The plasma concentrations in female rat # 1255 (600 ppm) are dissimilar to the other 600 ppm female rats but similar to the concentrations observed in the 800 ppm female rats. The plasma concentration of this rat is 3-4 times greater at 5:00 pm than the other 3 rats in this group at 6:00 am.

		Table 4. Individual Plasma Concentrations of 2, 4-D



		100 ppm



		TimeA

		µg/g

		µg/g

		µg/g

		µg/g

		mean±sd (µg/g)



		6 am


9 am


5 pm


6 amB

		1.76


0.36


0.09


1.76

		1.27


1.02


0.11


1.27

		1.71


0.72


0.21


1.71

		1.20


1.19


1.42


1.20

		1.48±0.29


0.82±0.36


0.46±0.65


1.48±0.29



		200 ppm



		TimeA

		µg/g

		µg/g

		µg/g

		µg/g

		mean±sd (µg/g)



		6 am


9 am


5 pm


6 amB

		3.33


1.73


2.78


2.22

		3.57


1.52


4.65


3.57

		4.73


1.60


0.81


4.73

		3.04


5.37


0.97


3.04

		3.67±0.74


2.56±1.88


2.30±1.80


3.67±0.74



		400 ppm



		TimeA

		µg/g

		µg/g

		µg/g

		µg/g

		mean±sd (µg/g)



		6 am


9 am


5 pm


6 amB

		19.25


6.43


12.60


19.25

		13.72


5.68


7.63


13.72

		15.44


16.19


4.46


15.44

		4.54


8.45


4.62


4.54

		13.24±6.24


9.19±4.81


7.33±3.80


13.24±6.24



		600 ppm



		TimeA

		µg/g

		µg/g

		µg/g

		µg/g

		mean±sd (µg/g)



		6 am


9 am


5 pm


6 amB

		16.27


6.61


7.59


16.27

		26.66


16.75


11.98


26.66

		92.51


50.31


62.51


92.51

		14.33


11.23


7.12


14.33

		37.44±37.11


21.23±19.83


22.30±26.89


37.44±37.11



		800 ppm



		TimeA

		µg/g

		µg/g

		µg/g

		µg/g

		mean±sd (µg/g)



		6 am


9 am


5 pm


6 amB

		102.31


81.56


82.38


102.31

		28.83


28.13


36.40


28.83

		65.39


46.86


16.65


65.39

		83.00


48.18


30.95


83.00

		65.51±36.74


52.18±27.11


45.14±33.72


65.51±36.74





                          AClock time; B value for 6 am used to complete 24 hr assuming similar plasma concentration at steady-state


		Table 5. Individual Plasma Concentrations of 2, 4-D, AUC24h, and t1/2



		100 ppm



		AUC24h (µg h mL-1)

		16.90

		16.92

		19.81

		31.05

		21.17±6.73



		Time

		µg/g

		µg/g

		µg/g

		µg/g

		mean±sd (µg/g)



		5 pm


7 amA

		0.09


0.05

		0.11


0.11

		0.21


0.01

		1.42


0.15

		0.46±0.65


0.08±0.06



		T1/2 (hr)

		16.38

		-

		3.21

		4.29

		7.96±7.31



		200 ppm



		AUC24h (µg h mL-1)

		65.35

		85.72

		55.17

		64.07

		67.58±12.92



		Time

		µg/g

		µg/g

		µg/g

		µg/g

		mean±sd (µg/g)



		5 pm


7 amA

		2.78


0.13

		4.65


0.13

		0.81


0.10

		0.97


0.16

		2.30±1.80


0.13±0.02



		t1/2 (hr)

		3.18

		2.73

		4.71

		5.38

		4.00±1.25



		400 ppm



		AUC24h (µg h mL-1)

		321.58

		221.10

		259.35

		131.27

		233.33±79.65



		Time

		µg/g

		µg/g

		µg/g

		µg/g

		mean±sd (µg/g)



		5 pm


7 amA

		12.60


0.70

		7.63


0.32

		4.46


0.35

		4.62


0.45

		7.33±3.80


0.45±0.17



		t1/2 (hr)

		3.35

		3.05

		3.80

		4.15

		3.59±0.49



		600 ppm



		AUC24h (µg h mL-1)

		246.30

		431.24

		1673.12

		251.12

		650.45±687.20



		Time

		µg/g

		µg/g

		µg/g

		µg/g

		mean±sd (µg/g)



		5 pm


7 amA

		7.59


0.91

		11.98


0.56

		62.51


26.51

		7.12


1.85

		22.30±26.89


7.46±12.72



		t1/2 (hr)

		4.57

		3.16

		11.31

		7.21

		6.56±3.58



		800 ppm



		AUC24h (µg h mL-1)

		2131.99

		767.58

		955.64

		1253.96

		1285.07±739.46



		TimeA

		µg/g

		µg/g

		µg/g

		µg/g

		mean±sd (µg/g)



		5 pm


7 amA

		82.38


27.23

		36.40


0.29

		16.65


1.68

		30.95


40.69

		33.72


15.17



		t1/2 (hr)

		8.77

		2.01

		4.23

		-

		3.44





              Plasma concentration 14 hr after removal of 2,4-D diet (fasting prior to sacrfice; half of the limit of                                                                                                                         quantification (0.01 µg/mL) was used when levels were <LLQ
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FIGURE 3. Diurnal Plasma Levels of 2,4-D and Elimination from Plasma During ~14 Hours of Fasting,
Removal of Fortified Diet from Female Rats Exposed to Test Material-fortified Diet for 29 Days
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 rats show that 2,4-D is transferred through maternal milk to the pups. Due to a limited capacity to
 excrete organic acids, the dog is more sensitive to the effects of 2,4-D than the rat with respect to
 repeated dosing. Based on data obtained from the open literature, the calculation of relevant
 pharmacokinetic parameters for 2,4-D in different species shows that renal clearance, volume of
 distribution, and plasma half-life of 2,4-D correlate with body weight (allometric scaling) for the
 mouse, rat, pig, calf, and human but not the dog. The dog shows a lower than expected renal
 clearance and a longer than expected plasma half-life compared to the other species. The calculated
 renal clearance in dogs is about an order of magnitude lower than the values expected from
 allometric scaling for the other species. This is consistent with acute oral toxicity data, which show
 that the NOAEL in the dog is about an order of magnitude lower than rodent NOAELs.
►Looking at the rabbit developmental toxicity study where abortions occurred, these abortions
 would not be considered an acute effect in this study since they occurred after cessation of dosing
 on gestation days 21 and 24, and dosing occurred during gestation days 6 through 18.
►In the rat developmental toxicity study, the endpoint (increased incidence of skeletal
 malformations) is considered to be a single dose effect, which occurred at a dose level that exceeds
 the threshold of saturation of renal clearance.
►Short-, intermediate-, and chronic oral endpoints for risk assessment were selected from the
 extended one-generation reproduction toxicity (EOGRT) study in rats with a NOAEL of 21
 mg/kg/day. At the study LOAEL of 55.6/46.7 mg/kg/day, kidney toxicity, manifested as increased
 kidney weights and increased incidence of degeneration of the proximal convoluted tubules, was
 observed and decreased body weight in pups was observed throughout lactation. Doses for the
 EOGRT study were selected based on pharmacokinetic data from adults and offspring and is
 appropriate for short-, intermediate, and long-term durations since the study assessed multiple
 parameters over several durations of exposure and life stages.


